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(57) ABSTRACT

Provided are a system and method for complex navigation
using dead reckoning and a global positioning system capable
of enhancing robustness of positioning by compensating for
discontinuity of GPS reception data. The system for complex
navigation using dead reckoning (DR) and a global position-
ing system (GPS) includes a GPS receiving unit configured to
receive GPS data, a DR unit configured to generate DR infor-
mation by using a wheel speed, a steering angle, and a yaw
rate, a buffer unit configured to store the DR information, and
a filter unit configured to generate positioning information of
a moving object by using at least one of output information
from the GPS receiving unit and the DR information stored in
the buffer unit.

19 Claims, 4 Drawing Sheets
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1
SYSTEM AND METHOD FOR COMPLEX
NAVIGATION USING DEAD RECKONING
AND GPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2014-0134323, filed on
Oct. 6,2014, the disclosure of which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

The present invention relates to a system and method for
complex navigation using dead reckoning and a global posi-
tioning system (GPS), and more particularly, to a system and
method for complex navigation using dead reckoning and a
global positioning system capable of enhancing robustness of
positioning by compensating for discontinuity of GPS recep-
tion data.

BACKGROUND

With the development of low-grade, small, low-power con-
suming, low-priced global positioning system (GPS) receiv-
ers, GPS receivers have mainly been used as positioning
sensors in a commercial vehicle navigation system, and a
location-based service (LBS) provides navigation informa-
tion such as a location, a speed, and the like, and road guid-
ance, notification of a dangerous area, and the like, for users
by matching location information of a vehicle obtained
through a GPS receiver to a digital map.

However, when a GPS signal is completely or partially
blocked in a tunnel, an underground parking lot, a downtown
area, and the like, a GPS receiver cannot provide accurate
location information.

Thus, in order to provide positioning information without
discontinuation, a dead reckoning (DR) system including a
speedometer, a geomagnetic sensor, an inertial sensor, and the
like, may be coupled to a GPS receiver to configure a DR/GPS
complex navigation system.

Such a DR/GPS complex navigation system may be vari-
ously configured depending on the forms of DR, coupling
schemes, and coupled filters.

Here, A Kalman filter has mostly been used as a coupled
filter, and an extended Kalman filter (EKF) is used in order to
apply a Kalman filter employed in a linear system to a
DR/GPS complex navigation system as a nonlinear system.

GPS reception data is time-delayed data, relative to other
sensor data input at the same time, and thus, if GPS reception
data and DR data are joined without considering such char-
acteristics of GPS reception data, performance of estimating
a location may inevitably be degraded.

SUMMARY

Accordingly, the present invention provides a system and
method for complex navigation using dead reckoning and a
global positioning system capable of enhancing robustness of
positioning by compensating for discontinuity of GPS recep-
tion data.

The object of the present invention is not limited to the
aforesaid, but other objects not described herein will be
clearly understood by those skilled in the art from descrip-
tions below.
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In one general aspect, a system for complex navigation
using dead reckoning (DR) and a global positioning system
(GPS) includes: a GPS receiving unit configured to receive
GPS data; a DR unit configured to generate DR information
by using a wheel speed, a steering angle, and a yaw rate; a
buffer unit configured to store the DR information; and a filter
unit configured to generate positioning information of a mov-
ing object by using at least one of output information from the
GPS receiving unit and the DR information stored in the
buffer unit.

The DR unit may include: a movement distance calculating
unit configured to calculate a movement distance of the mov-
ing object by using the wheel speed; a curvature calculating
unit configured to calculate a running curvature of the moving
object by using the yaw rate and the steering angle; and an
estimating unit configured to estimate positioning informa-
tion of the moving object by using the calculated movement
distance and the calculated running curvature.

The DR unit may further include: a bias correcting unit
configured to correct an offset bias of the yaw rate.

The buffer unit may store a preset number of pieces of DR
information which have been generated at a point in time
earlier than the current point in time.

When the output information from the GPS receiving unit
is input at a period of the system for complex navigation, the
filter unit may select DR information synchronized with the
output information from the GPS receiving unit, from the
buffer unit in consideration of a time delay between the GPS
receiving unit and the DR unit, and generate positioning
information of the moving object by using the output infor-
mation from the GPS receiving unit and the selected DR
information.

When the output information from the GPS receiving unit
is not input at the period of the system for complex naviga-
tion, the filter unit may generate positioning information of
the moving object by using only the DR information.

The filter unit may update the DR information stored in the
buffer unit based on the positioning information of the mov-
ing object generated by using the output information from the
GPS receiving unit and the selected DR information.

The system may further include: a fusion determining unit
configured to compare a difference between the output infor-
mation from the GPS receiving unit and the selected DR
information with an expected error, and determine whether to
fuse the output information from the GPS receiving unit and
the selected DR information.

When the difference exceeds the expected error, the fusion
determining unit may determine to generate positioning
information of the moving object by using only the selected
DR information.

In another general aspect, a system for complex navigation
using dead reckoning (DR) and a global positioning system
(GPS) includes: a GPS receiving unit configured to receive
GPS data and provide a position of a visible satellite and
pseudo-range information at every first period; a DR unit
configured to generate DR information at every second period
by using a wheel speed, a steering angle, and a yaw rate; a
buffer unit configured to store a preset number of pieces of
DR information which have been generated at a point in time
earlier than the current point in time; and a filter unit config-
ured to generate positioning information of a moving object at
every third period by using at least one of output information
from the GPS receiving unit and the DR information stored in
the buffer unit, wherein when output information from the
GPS receiving unit is input at a point in time corresponding to
the third period, the filter unit selects DR information syn-
chronized with the output information from the GPS receiv-
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ing unit, from the buffer in consideration of a time delay
between the GPS receiving unit and the DR unit, and gener-
ates positioning information of the moving object by using
the output information from the GPS receiving unit and the
selected DR information.

The system may further include: a fusion determining unit
configured to compare a difference between the output infor-
mation from the GPS receiving unit and the selected DR
information with an expected error, and determine to generate
positioning information of the moving object by using only
the selected DR information when the difference exceeds the
expected error.

In another general aspect, a location estimating method of
a system for complex navigation using dead reckoning (DR)
and a global positioning system (GPS) includes: processing
received GPS data to generate first location information of a
moving object; generating second location information of the
moving object by using a wheel speed, a steering angle, and a
yaw rate; storing the second location information; and gen-
erating positioning information of the moving object by using
at least one of the first location information and the stored
second location information.

Other features and aspects will be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is block diagram illustrating a system for complex
navigation using dead reckoning (DR) and a global position-
ing system (GPS) according to an embodiment of the present
invention.

FIG. 2 is a view illustrating a method for fusing output
information from a GPS receiving unit and DR information
by a filter unit illustrated in FIG. 1.

FIG. 3A and FIG. 3B are a flow chart illustrating a location
estimating method of a system for complex navigation using
DR and a GPS according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

The advantages, features and aspects of the present inven-
tion will become apparent from the following description of
the embodiments with reference to the accompanying draw-
ings, which is set forth hereinafter. The present invention
may, however, be embodied in different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art. The
terms used herein are for the purpose of describing particular
embodiments only and are not intended to be limiting of
example embodiments. As used herein, the singular forms
“a,”“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings. In adding reference numerals for elements in each fig-
ure, it should be noted that like reference numerals already
used to denote like elements in other figures are used for
elements wherever possible. Moreover, detailed descriptions
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related to well-known functions or configurations will be
ruled out in order not to unnecessarily obscure subject matters
of the present invention.

FIG. 1 is block diagram illustrating a system for complex
navigation using dead reckoning (DR) and a global position-
ing system (GPS) according to an embodiment of the present
invention.

Referring to FIG. 1, a system for complex navigation using
dead reckoning (DR) and a global positioning system (GPS)
according to an embodiment of the present invention includes
a GPS receiving unit 100, a DR unit 200, a buffer unit 300, a
fusion determining unit 400, and a filter unit 500.

The GPS receiving unit 100 receives information such as
positioning data (latitude, longitude, heading, etc.) of a mov-
ing object, error information (dilution of precision (DOP),
Stdev, etc.), mode information, the number of satellites, and
the like, from GPS satellites, processes the received informa-
tion, and outputs first location information of the moving
object.

The DR unit 200 estimates second location information of
the moving object by using a wheel speed measured by a
sensor (e.g., a speedometer, an odometer, an accelerometer,
etc.) for measuring a running distance of the moving object, a
yaw rate measured by a sensor (e.g., a geomagnetic sensor, a
gyro sensor, etc.) for measuring a rotation angle of the moving
object, and a steering angle.

The DR unit 200 includes an offset correcting unit 210, a
curvature calculating unit 220, a movement distance calcu-
lating unit 230, and an estimating unit 240 and generates
second location information, namely, DR information,
regarding the moving object.

The offset correcting unit 210 corrects an offset bias of the
measured yaw speed. The sensor measuring a yaw speed
involves an offset bias, and fundamentally, a yaw speed has a
value 0 when a moving object is stationary or moves rectilin-
early. Thus, the offset correcting unit 210 measures an offset
bias at an initial point in time (when the speed is 0) and
subtracts the measured offset bias from a yaw speed measure-
ment value to thus correct the offset bias of the yaw speed.

The curvature calculating unit 220 estimates a running
curvature of the moving object by using the corrected yaw
speed and the steering angle. When a curvature is estimated
by using a yaw speed, estimation noise exists, and in particu-
lar, significant estimation noise appears at a low speed. Esti-
mation of a curvature using a steering angle has high conti-
nuity but involves an estimation bias. The yaw speed and the
steering angle are complementary, and thus, when a curvature
is estimated by fusing the yaw speed and the steering angle, a
precise running curvature can be obtained. Here, a Kalman
filter is used.

The movement distance calculating unit 230 calculates a
movement speed of the moving object by using the measured
wheel speed and a wheel size.

The estimating unit 240 estimates positioning (e.g., a lati-
tude, a longitude, heading) of the moving object through DR
using the movement distance ds calculated by using the wheel
speed and the estimated curvature k. k*ds corresponds to a
variation of heading, and latitude and longitude information
are updated using the variation. Also, covariance of each
element is also calculated.

The buffer unit 300 stores second location information of
the moving object estimated by the DR unit 200.

The second location information estimated through the
sequential processes is fused with the first location informa-
tion output from the GPS receiving unit 100 in the filter unit
500 (to be described hereinafter) to generate positioning
information of the moving object.
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In general, in order for the GPS receiving unit 100 to
process the received GPS data and output the first location
information, a time required for processing data is required.
For this reason, even though the first location information and
the second location information are generated at the same
time, there is a time delay between the two pieces of infor-
mation. Specifically, the first location information may be
delayed by 60 ms, compared with the first location informa-
tion. Namely, if the first location information is generated at
t=0, it has a synchronized with the second location informa-
tion generated at —60 ms.

Thus, in order to fuse the first location information gener-
ated by the GPS receiving unit 100 and the second location
information in synchronization, the second location informa-
tion need to be stored for a predetermined period of time or a
predetermined number of pieces of second location informa-
tion need to be stored. The system for complex navigation
using DR and a GPS according to an embodiment of the
present invention provide a scheme in which the buffer unit
300 stores the second location information for a predeter-
mined period of time or storing a predetermined number of
pieces of second location information to thereby enable the
filter unit 500 (to be described hereinafter) to fuse the syn-
chronized first and second location information.

Meanwhile, even though the GPS receiving unit 100
receives GPS data, positioning may be inaccurate due to
defective reception or for other reasons. In this case, prefer-
ably, the GPS receiving unit 100 generates positioning infor-
mation of the moving object by using only the second location
information estimated by the DR unit 200, excluding the first
location information output from the GPS receiving unit 100.

When the positioning is inaccurate, the fusion determining
unit 400 may determine to generate positioning information
of'the moving object by using only the second location infor-
mation, rather than fusing the first and second location infor-
mation. Namely, the fusion determining unit 400 determines
whether to fuse the first and second location information.

The fusion determining unit 400 determines whether a
difference between the first location information and the sec-
ond location information exceeds a pre-set expected error.
When the difference exceeds the expected error, the fusion
determining unit 400 determines that positioning is inaccu-
rate, and determines to generate positioning information of
the moving object with only the second location information,
rather than fusing the two pieces of information. Equation 1
below is used to determine whether to fuse the two pieces of
information by the fusion determining unit 400. Here, DRx
denotes the second location information, GPSx denotes the
first location information, P_DRx denotes an expected error
variance of the second location information, P_GPSx denotes
an expected error variance of the first location information,
and e denotes an expected error.

(Drx1 GPSx? (69)
—_—<¢

Pprs + Pipsx

It should be appreciated that the second location informa-
tion compared with the first location information is location
information synchronized with the first location information
among a plurality of pieces of location information stored in
the buffer unit 300.

The filter unit 500 generates positioning information of the
moving object by using at least one among the first location
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6

information output from the GPS receiving unit 100 and the
second location information stored in the buffer unit 300.
Here, a Kalman filter may be used.

For example, it is assumed that a period of the system for
complex navigation using DR and a GPS according to an
embodiment of the present invention is 20 ms, a period of the
GPS receiving unit 100 is 100 ms, a period of the DR unit 200
is 10 ms. Accordingly, the first location information is output
from the GPS receiving unit 100 at the period of 100 ms, the
second location information is output from the DR unit 200 at
the period of 10 ms, and the filter unit 500 fuses the first and
second location information in units of 20 ms.

When the filter unit 500 intends to fuse the first location
information and the second location information, the first
location information output from the GPS receiving unit 100
may not be present according to circumstances. In this case,
the filter unit 500 generates positioning information of the
moving object by using only the second location information.

Meanwhile, when the filter unit 500 intends to fuse the first
location information and the second location information, if
the first location information output from the GPS receiving
unit 100 is present and the fusion determining unit 400 deter-
mines to fuse the two pieces of location information, the filter
unit 500 generates positioning information of the moving
object by using both the first location information and the
second location information. Here, obviously, the second
location information has been synchronized with the first
location information.

FIG. 2 is a view illustrating a method for the first location
information and the second location information by the filter
unit 500.

Referring to FIG. 2, it is illustrated that four pieces (-60
ms, -40 ms, =20 ms, O ms (current time)) of DR information,
namely, the second location information, are stored in the
buffer unit 300 at the period of 20 ms.

When it is assumed that four pieces of first location infor-
mation 300 ms, —200 ms, —100 ms, 0 ms (current time)) is
output from the GPS receiving unit 100 at the period of 100
ms and there is a time delay of 60 ms between the first location
information and the second location information, the first
location information output at the current time (0 ms) is
information which was actually output at —-60 ms, and simi-
larly, the first information output at =300 ms is information
which was actually output at =360 ms.

Thus, the second location information synchronized with
the first location information output at the current time (0 ms)
corresponds to information DR4 which was output at the time
of =60 ms, and the filter unit 300 selects location DR4 syn-
chronized with the first location information from among the
plurality of pieces of second location information stored in
the buffer unit 300, and fuses the two pieces of information
(DR4+GPS). In this manner, in the system for complex navi-
gation using DR and a GPS according to an embodiment of
the present invention, by fusing the GPS data and the DR
information in consideration of a time delay, positioning per-
formance of the moving object can be enhanced.

Hereinafter, a location estimating method of the system for
complex navigation using DR and a GPS according to an
embodiment of the present invention will be described with
reference to FIGS. 1 through 3.

FIG. 3A and FI1G. 3B are a flow chart illustrating a location
estimating method of a system for complex navigation using
DR and a GPS according to an embodiment of the present
invention.

First, the GPS receiving unit 100 receives information such
as positioning data (a latitude, a longitude, heading, etc.) of
the moving object, error information (DOP, Stdev, etc.), mode
information, the number of satellites, and the like, from GPS



US 9,405,016 B2

7

satellites, processes the received information, and outputs
first location information of the moving object in step S100.

The DR unit 200 estimates second location information of
the moving object by using a wheel speed measured by a
sensor (e.g., a speedometer, an odometer, an accelerometer,
etc.) for measuring a running distance of the moving object, a
yaw rate measured by a sensor (e.g., a geomagnetic sensor, a
gyro sensor, etc.) for measuring a rotation angle of the moving
object, and a steering angle in step S200.

When the filter unit 500 intends to fuse the first and second
location information, the filter unit 500 determines whether
there is first location information output from the GPS receiv-
ing unit 100 in step S300.

When the filter unit 500 intends to fuse the first location
information and the second location information, the first
location information output from the GPS receiving unit 100
may not be present according to circumstances. In this case,
the filter unit 500 generates positioning information of the
moving object by using only the second location information
in step S700.

Meanwhile, when the filter unit 500 intends to fuse the first
location information and the second location information, if
the first location information output from the GPS receiving
unit 100 is present, the filter unit 500 selects second location
information synchronized with the first location information
from among a plurality of pieces of second location informa-
tion stored in the buffer unit 300 in step S400.

The process of selecting the second location information
synchronized with the first location information has been
described above with reference to FIG. 3, so a detailed
description thereof will be omitted.

Next, the fusion determining unit 400 determines whether
a difference between the first location information and the
second location information exceeds a pre-set expected error
in step S500.

When the difference exceeds the expected error, the fusion
determining unit 400 determines that positioning is inaccu-
rate, and determines to generate positioning information of
the moving object with only the second location information,
rather than fusing the two pieces of information. In this case,
the filter unit 500 generates positioning information of the
moving object by using only the second location information
in step S700.

Meanwhile, when the fusion determining unit 400 deter-
mines to fuse the two pieces of location information, the filter
unit 500 generates positioning information of the moving
object by using both the first location information and the
second location information in step S600. Here, obviously,
the second location information has been synchronized with
the first location information.

According to the embodiments of the present invention as
described above, robustness of positioning can be guaranteed
by compensating for discontinuity of GPS reception data.

A number of exemplary embodiments have been described
above. Nevertheless, it will be understood that various modi-
fications may be made. For example, suitable results may be
achieved if the described techniques are performed in a dif-
ferent order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.
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What is claimed is:

1. A system for complex navigation using dead reckoning
(DR) and a global positioning system (GPS), the system
comprising:

a GPS receiving unit configured to receive GPS data;

a DR unit configured to generate DR information by using

a wheel speed, a steering angle, and a yaw rate;

a buffer unit configured to store the DR information;

a filter unit configured to generate positioning information
of a moving object by using at least one of output infor-
mation from the GPS receiving unit and the DR infor-
mation stored in the buffer unit; and

a fusion determining unit configured to
determine whether to fuse first location information of

the moving object and second location information of
the moving object,
determine whether a difference between the first loca-
tion information and the second location information
exceeds a preset expected error, and
determine, in response to the difference exceeding the
expected error, that positioning is inaccurate and to
generate positioning information of the moving
object with only the second location information,
wherein the filter unit is further configured to generate, in
response to the fusion determining unit generating posi-
tioning information using both the first location infor-
mation and the second location information, positioning
information of the moving object using both the first
location information and the second location informa-
tion.

2. The system of claim 1, wherein the fusion determining
unit is further configured to determine whether to fuse the first
location information and second location information using
the following equation:

(Drx1 GPSx?
— <
Ppry + Popsx

wherein Drx denotes the second location information,
GPSx denotes the first location information, P,
denotes an expected error variance of the second loca-
tion information, P, denotes an expected error vari-
ance of the first location information, and € denotes an
expected error.

3. The system of claim 1, wherein the DR unit comprises:

a movement distance calculating unit configured to calcu-
late a movement distance of the moving object by using
the wheel speed;

a curvature calculating unit configured to calculate a run-
ning curvature of the moving object by using the yaw
rate and the steering angle; and

an estimating unit configured to estimate positioning infor-
mation of the moving object by using the calculated
movement distance and the calculated running curva-
ture.

4. The system of claim 3, wherein the DR unit further

comprises:

a bias correcting unit configured to correct an offset bias of
the yaw rate.

5. The system of claim 1, wherein the buffer unit is con-
figured to store a preset number of pieces of DR information
which have been generated at a point in time earlier than the
current point in time.

6. The system of claim 1, wherein in response to the output
information from the GPS receiving unit being input at a
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period of the system for complex navigation, the filter unit
selects DR information synchronized with the output infor-
mation from the GPS receiving unit, from the buffer unit in
consideration of a time delay between the GPS receiving unit
and the DR unit, and generates positioning information of the
moving object by using the output information from the GPS
receiving unit and the selected DR information.

7. The system of claim 1, wherein in response to the output
information from the GPS receiving unit not being input at the
period of the system for complex navigation, the filter unit
generates positioning information of the moving object by
using only the DR information.

8. The system of claim 6, wherein the filter unit is config-
ured to update the DR information stored in the buffer unit
based on the positioning information of the moving object
generated by using the output information from the GPS
receiving unit and the selected DR information.

9. The system of claim 6, further comprising:

a fusion determining unit configured to compare a difter-
ence between the output information from the GPS
receiving unit and the selected DR information with an
expected error, and determine whether to fuse the output
information from the GPS receiving unit and the
selected DR information.

10. The system of claim 9, wherein in response to the
difference exceeding the expected error, the fusion determin-
ing unit determines to generate positioning information of the
moving object by using only the selected DR information.

11. A system for complex navigation using dead reckoning
(DR) and a global positioning system (GPS), the system
comprising:

a GPS receiving unit configured to receive GPS data and
provide a position of a visible satellite and pseudo-range
information at every first period;

a DR unit configured to generate DR information at every
second period by using a wheel speed, a steering angle,
and a yaw rate;

a buffer unit configured to store a preset number of pieces
of DR information which have been generated at a point
in time earlier than the current point in time;

a filter unit configured to generate positioning information
of'a moving object at every third period by using at least
one of output information from the GPS receiving unit
and the DR information stored in the buffer unit; and

a fusion determining unit configured to
determine whether to fuse first location information of

the moving object and second location information of
the moving object,
determine whether a difference between the first loca-
tion information and the second location information
of'the moving object exceeds a preset expected error,
and
determine, in response to the difference exceeding the
expected error, that positioning is inaccurate and to
generate positioning information of the moving
object with only the second location information,
wherein the filter unit is further configured to generate, in
response to the fusion determining unit generating posi-
tioning information using both the first location infor-
mation and the second location information, positioning
information of the moving object using both the first
location information and the second location informa-
tion, and

wherein, in response to output information from the GPS
receiving unit being input at a point in time correspond-
ing to the third period, the filter unit selects DR infor-
mation synchronized with the output information from
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the GPS receiving unit, from the buffer in consideration
of a time delay between the GPS receiving unit and the
DR unit, and generates positioning information of the
moving object by using the output information from the
GPS receiving unit and the selected DR information.

12. The system of claim 11, further comprising:

a fusion determining unit configured to compare a differ-
ence between the output information from the GPS
receiving unit and the selected DR information with an
expected error, and determine to generate positioning
information of the moving object by using only the
selected DR information in response to the difference
exceeding the expected error.

13. A location estimating method of a system for complex
navigation using dead reckoning (DR) and a global position-
ing system (GPS), the location estimating method compris-
ing:

processing received GPS data to generate first location
information of a moving object;

generating second location information of the moving
object by using a wheel speed, a steering angle, and a
yaw rate,

storing the second location information;

generating positioning information of the moving object
by using at least one of the first location information and
the stored second location information;

determining whether to fuse first location information of
the moving object and second location information of
the moving;

determining whether a difference between the first location
information and the second location information
exceeds a preset expected error;

determining, in response to the difference exceeding the
expected error, that positioning is inaccurate and to gen-
erate positioning information of the moving object with
only the second location information; and

generating, in response to the fusion determining unit gen-
erating positioning information using both the first loca-
tion information and the second location information,
positioning information of the moving object using both
the first location information and the second location
information.

14. The location estimating method of claim 13, wherein

the generating of second location information comprises:
calculating a movement distance of the moving object by
using the wheel speed;

calculating a running curvature of the moving object by
using the yaw rate and the steering angle; and

estimating positioning information of the moving object by
using the calculated movement distance and the calcu-
lated running curvature.

15. The location estimating method of claim 13, wherein
the generating of positioning information of the moving
object comprises:

in response to the first location information being gener-
ated at a period of the system for complex navigation,
selecting second location information synchronized
with the first location information in consideration of a
time delay between the first location information and the
second location information; and

generating positioning information of the moving object
by using the first location information and the selected
second location information.

16. The location estimating method of claim 13, wherein

the generating of positioning information of the moving
object comprises:
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in response to the first location information not being gen-
erated at the period of the system for complex naviga-
tion, generating positioning information of the moving
object by using only the second location information.

17. The location estimating method of claim 15, wherein
the generating of positioning information of the moving
object comprises:

updating the stored second location information based on

the positioning information of the moving object gener-
ated by using the first location information and the
selected second location information.

18. The location estimating method of claim 15, wherein
the generating of positioning information of the moving
object comprises:

comparing a difference between the first location informa-

tion and the selected second location information with
an expected error to determine whether to fuse the first
location information and the selected second location
information.

19. The location estimating method of claim 18, wherein in
response to the difference exceeds the expected error, deter-
mining to generate positioning information of the moving
object by using only the selected second location information.
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